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$\phi(r)$ $\mathrm{L}\mathrm{e}\mathrm{n}\mathrm{n}\mathrm{a}\mathrm{r}\mathrm{d}\text{ }\mathrm{J}\mathrm{o}\mathrm{n}\mathrm{e}\mathrm{s}12\text{ }6$
$\phi(r)=4\epsilon\{(\frac{\sigma}{r})^{12}-(\frac{\sigma}{r})^{6}\}$ , (2)
$m_{i}$











$\text{ }2$ : Geometry of the system. When we cal-
culate physical quantities, we slice the system
with a unit length.
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$.i= \frac{\partial \mathcal{H}}{\partial \mathrm{p}_{i}}$ (3)




















$\mathrm{P}\mathrm{a}$ $3$ : $\mathrm{S}\mathrm{p}\mathrm{a}\mathrm{c}\mathrm{e}\text{ }\mathrm{t}\mathrm{i}\mathrm{m}\mathrm{e}$ profile of number density
(left) and local pressure (right): Horizontal
axis represents coordinate of explosion $\mathrm{d}\mathrm{i}\mathrm{r}\mathrm{e}\mathrm{C}^{\text{ }}$
tion ( $z$ axis) and vertical axis is time. At
time $0$ , a diaphragm is removed. $\mathrm{C}\mathrm{h}\mathrm{a}\mathrm{r}\mathrm{a}\mathrm{c}\mathrm{t}\mathrm{e}\mathrm{r}\text{ }$
istic waves are guided by lines.
$\alpha,$



































pa 4: (Color on a web page[16]) Snapshots of
simulation: (Up) Snapshot at $t=40$ . (Down)
Snapshot at $t=170$ . Parameters are identical
to ones of Fig. 3. Eruption propagates to the
left direction. Only particles originated from
the chamber are plotted; A darker ball $\mathrm{r}\mathrm{e}\mathrm{p}\mathrm{r}\mathrm{e}\text{ }$
sents a magma particle, and brighter one is a
gas particle. At the initial condition $t=0$ ,

















$\frac{\partial\rho}{\partial t}+w\frac{\partial\rho}{\partial z}=-\rho\frac{\partial\rho}{\partial z}$ (8)
$\frac{\partial w}{\partial t}+w\frac{\partial w}{\partial z}=-\frac{1}{\rho}\frac{\partial p_{g}}{\partial z}$ (9)
$\frac{1-n}{\rho_{l}}+\frac{nRT}{p_{\mathit{9}}}=\frac{1}{\rho}$ (10)




































$\text{ }5$ : Spatial profiles of temperature, velocity
$(z)$ , pressure, and mass density at $t=15$ : Sys-
tem size is taken to be $L_{x}=32,$ $L_{y}=32,$ $L_{z}=$
$408$ and size of magma chamber is 32 $\mathrm{x}32$ x200.
Initial mass density and temperature are taken
to be 1 and 2, respectively. We can recog-
nize characteristic regions. Rom right, “initial
equilibrium state”, “hot gas region”, “cold gas
region”, “expanding wave region”, and “initial
equilibrium state” again are observed. These
regions are indicated by gray rectangular.
$v(z)= \frac{\sum_{i\in z}\mathrm{p}_{i}}{\sum_{i\in z}m_{i}}$ (14)































$6$: (Color on a web page[16]) Snapshots of
large simulation: (top) Snapshot at $t=40$ .
(second) Snapshot at $t=170$ . (third) Snap-
shot at $t=300$ . (forth) Snapshot at $t=400$ .
(bottom) Snapshot at $t=500$ . Eruption prop-
agates to the left direction. A darker ball rep-
resents a magma particle, and brighter one is
a gas particle. At the initial condition $t=0$ ,
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